Abstract. The aim of the present study was to determine whether serum miR-499 may be used as a biomarker for early detection of non-small cell lung cancer (NSCLC). The present study was designed as an initial screening phase and a subsequent validation phase. In the screening phase, we analyzed serum levels of miR-499 in a subset of 40 patients with stage I (n=20) and stage IV (n=20) NSCLC. In the validation phase, miR-499 expression levels in serum (n=514) and tissue (n=136) from NSCLC patients were detected in a large and independent cohort of 514 patients. miR-499 in the screening phase was found to be significantly elevated in the serum of stage I NSCLC patients compared with that in stage IV NSCLC patients (P<0.001). Validation analysis showed that serum miR-499 levels were robust in differentiating NSCLC patients from control subjects [area under the curve (AUC)=0.906; 95% confidence interval (CI)=0.879 to 0.929). Serum miR-499 levels were significantly lower in stage III and IV patients compared with those with stage I (both P<0.001) or II (both P<0.001). Low serum miR-499 levels were associated with shorter overall survival and served as an independent prognostic biomarker in NSCLC patients [hazard ratio (HR)=1.63; 95% CI=1.33-2.0; P<0.0001). In addition, low serum levels of miR-499 indicated a poor disease-free survival in stage I-II NSCLC patients. Serum miR-499 may prove to be a promising biomarker for early detection and prognosis prediction of NSCLC.
Introduction
Lung cancer is the leading cause of cancer-related mortality in both men and women, resulting in ~221,130 new cases and 156,940 deaths in the United States in 2011 (1) . Non-small cell lung cancer (NSCLC) represents 85% of all lung cancer cases, and most NSCLC patients present with advanced disease with a very poor rate of cure (2, 3) . Since the 5-year survival of patients with metastatic NSCLC is <15%, prognostic assessment of the patient is essential for the choice of better therapeutic strategies. The current challenge demands the discovery of accurate and non-invasive biomarkers for diagnosis, prognosis and prediction of recurrence to improve the clinical management of NSCLC patients.
During the past decades, several screening tests, including CT scan and bronchoscopy, have been used for early detection of lung cancer (4) . However, compliance with these screening tests has been far from adequate. An ideal screening method should have a high sensitivity and specificity for lung cancer. Currently, one of the most important prognostic factors in NSCLC is the anatomical extent of disease, as described by the tumor node metastasis (TNM) classification (5) . However, it fails to consider the variety of NSCLC patients, tumor and environmental factors that influence prognosis, and a large variability in disease outcomes that has been observed in subsets of patients with the same clinical features (6) . Therefore, there is a clear need to identify biomarkers for the early detection of NSCLC, and to categorize different prognostic groups and improve the clinical management of NSCLC patients.
MicroRNAs (miRNAs) are non-coding RNA molecules of ~21-23 nucleotides in length that play an important role in regulation of mRNA expression (7) . miRNAs are known to be involved in various cellular processes and are associated with various diseases including cancer (8, 9) . Several studies have demonstrated that miRNAs play important roles in the initiation and progression of cancer. In addition, miRNA expression profiles and specific miRNAs have been shown to be potential diagnostic or prognostic tools for cancer (10) (11) (12) .
Recent studies (13, 14) have also shown that circulating miRNAs may constitute accurate methods for diagnosis and prognosis of NSCLC. A study by Markou et al (15) demonstrated that high expression of serum miR-21 and miR-30e-5p was associated with shorter overall survival (OS). Hu et al (14) also reported a 4-miRNA signature (miR-486, miR-30d, miR-1 and miR-499) that predicted survival of stage I-IIIa NSCLC. However, whether the expression profile of circulating miR-499 reflects the miRNA profile of tumor tissue remains unclear. In addition, the relationship between dysregulated miRNAs and tumor stage is also uncertain. In the present study, we evaluated the possible association of miR-499 with early detection of NSCLC and survival of NSCLC patients in an attempt to further clarify the impact of miRNAs on the diagnosis and prognosis of lung cancer.
Materials and methods
Study design. The present study was approved by the institutional review board of Shanghai Pulmonary Disease Hospital. All participants provided written consent and indicated willingness to donate their blood and tissue samples for research. A total of 568 subjects were enrolled in this study, including 514 NSCLC patients and 54 age-and gender-matched healthy volunteers as controls. NSCLC patients were recruited at Shanghai Pulmonary Disease Hospital affiliated to Tongji University in Shanghai, China, between January 2007 and December 2011. Patients were excluded if they had any of the following: selfreported previous cancer history, metastasis from other organs, or if they underwent chemotherapy or radiotherapy before blood collection. They were followed-up at 3-month intervals by telephone after the first visit to the hospital.
The present study was designed as an initial screening phase and a subsequent validation phase. In the screening phase, serum levels of miR-499 (14, 16) were analyzed in a subset of 40 patients with stage I (n=20) and stage IV (n=20) NSCLC. To further assess the specificity of miRNA expression, serum samples were collected from 12 patients with NSCLC and 12 gender-and age-matched normal controls. In the validation phase, miR-499 expression levels in serum (n=514) and tissues (n=136) from NSCLC patients were evaluated in a large and independent cohort of 514 patients.
RNA isolation and qRT-PCR from serum and tissues. miRNAs were extracted from blood samples using the Qiagen miRNeasy kit (Qiagen, Valencia, CA, USA). Briefly, 250 µl serum was centrifuged at 10,000 rpm for 10 min at 4˚C. miRNAs were enriched and purified according to the manufacturer's protocol. To allow for normalization of sample-to-sample variation in the RNA isolation step, synthetic C. elegans miRNA (cel-miR-39) was added to each sample (12, 17) .
MiRNAs were extracted from fresh frozen tissue samples using PureLink™ miRNA Isolation kit (Life Technologies Corporation, Carlsbad, CA, USA). Briefly, fresh frozen tissue samples were microdissected to enrich for neoplastic cells. Homogenized samples were centrifuged, followed by deparaffinization and RNA extraction using the manufacturer's protocol.
PCR reactions for quantifying miR-499, miR-39 and miR-16 were performed in triplicate using the TaqMan Disease-free survival (DFS) and OS were measured for each patient. Survival curves were estimated using the Kaplan-Meier method, and differences between them were evaluated by the log-rank test. Cox proportional hazard regression test was used to estimate univariate and multivariate hazard ratios for recurrence and prognosis with a step-down method.
Receiver operating characteristic (ROC) curves were established for discriminating NSCLC and controls. The optimal miRNA expression cut-off threshold values were determined at the point on the ROC curve at which Youden's index (20) was maximal.
All P-values are two-sided and P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were carried out using MedCalc version 11.2 (Mariakerke, Belgium).
Results

Serum and tissue miR-499 expression during the screening phase.
In the screening phase, we investigated the relative expression levels of the miR-499 in a subset of serum specimens from 20 NSCLC patients with stage IV compared with 20 patients with stage I. It was found that miR-499 was significantly elevated in the serum of NSCLC patients with stage I compared with stage IV (P<0.001; Fig. 1A ). We next examined the feasibility of detecting the expression of serum miR-499 in 12 NSCLC patients and 12 healthy control subjects. It was found that serum miR-499 levels were significantly decreased in the sera of NSCLC patients (P<0.001; Fig. 1B ). Expression of miR-499 was determined in a small set of 12 NSCLCs compared with the adjacent normal tissue. miR-499 level was also found to be reduced in NSCLC tissues compared with normal tissues (P<0.001; Fig. 1C ). These results indicated that serum miR-499 was downregulated in NSCLC patients compared with adjacent tissues.
Based on these observations, we focused the rest of our study on miR-499 for further assessment of its efficacy as a diagnostic, prognostic and recurrence predictive biomarker in NSCLC patients.
Serum miR-499c expression level as a diagnostic biomarker in NSCLC patients.
To examine whether miR-499 had diagnostic potential, 568 serum samples, including 514 from NSCLC patients and 54 from normal controls, were analyzed. It was found that miR-499 expression levels were downregulated markedly in sera of NSCLC patients as compared with those in normal controls (P<0.001; Fig. 2A ). In addition, when all NSCLC patients were grouped based on TNM stage, miR-499 expression levels were significantly lower in stage III and IV patients than those in stage I or II patients (both P<001, Fig. 2A ). The potential clinical significance of serum miR-499 expression is presented in Table I .
Next, we determined whether miR-499 possessed any significance in sensitivity and specificity in lung cancer patients. ROC curves were analyzed, indicating that serum miR-499 levels were robust in differentiating patients with NSCLC from control subjects with an area under the ROC curve (AUC) value of 0.906 (95% CI=0.879 to 0.929) (Fig. 2B) . At the cut-off value of 1.330 for miR-499, the optimal sensitivity and specificity were 73.7 and 92.7%, respectively. Multivariate logistic regression analyses on variables including age, gender and serum miRNAs showed that miR-499 was a potential biomarker for NSCLC diagnosis (P<0.0001). The OR for patients with miR-499 <1.0247 associated with NSCLC was 64.1 (95% CI: 20.83-197.49). These results indicated that serum miR-499 had potential significance with respect to the sensitivity and specificity in the diagnosis of NSCLC.
Correlation between serum/tissue miR-499 expression and survival of NSCLC patients. Based on the above findings, we further evaluated whether serum miR-499 levels may predict the prognosis of NSCLC patients. As anticipated, OS was poorer in patients with lower serum levels of miR-499 (P=0.005, log-rank test; Fig. 3A ). In addition, lower serum levels of miR-499 also predicted poorer survival in patients with stage I-II and III-IV NSCLC (P=0.0012 and <0.0001, log-rank test; Fig. 3B and C) . However, tissue miR-499 levels were not significantly associated with survival in NSCLC patients (P=0.3139, log-rank test; Fig. 3D ) (Table II) . Furthermore, the Cox proportional hazard regression model was used to clarify whether serum miR-499 expression was an independent risk factor for prognosis. The result of univariate analysis showed that poor prognosis in NSCLC patients was significantly associated with low serum miR-499 levels but not with tissue miR-499 levels (P=0.0005 and P=0.3139, respectively), high T stage (T3/4, P<0.0001), lymph node metastasis (N1/2/3, P<0.0001), distant metastasis (M1, P<0.0001), and high TNM stage (III/IV, P<0.0001) ( Table II) . The result of multivariate analysis showed that downregulation of serum miR-499 expression was an independent prognostic marker for predicting poorer OS in NSCLC patients (HR=1.63, 95% CI=1.33-2.0, P<0.0001; Table II ). These results indicated that downregulation of serum miR-499 expression was an independent prognostic marker for predicting poorer OS in NSCLC patients.
Serum miR-499 as a predictive biomarker of tumor recurrence in NSCLC.
Next, we analyzed DFS. Patients with low serum miR-499 in stage I-II had shorter DFS (P=0.045, log-rank test). To further evaluate whether serum miR-499 levels may be used as a predictor of tumor recurrence after surgery (stage I-II), the Cox proportional hazard regression model was performed (Table III) . The result of univariate analysis showed that poor DFS was significantly associated with low serum levels of miR-499 (P=0.0304), high TNM stage (II, P<0.0001), and no chemotherapy or radiotherapy (P<0.0001). The result of multivariate analysis showed that low serum miR-499 expression was an independent predictor for tumor recurrence in patients with stage I-II NSCLC (HR=1.96, 95% CI=1.03-3.73, P=0.04). These results indicated that serum miR-499 levels may serve not only as a diagnostic and prognostic marker, but also as a predictor of early recurrence of NSCLC as well. Table I . Association between miR-499 expression in serum and tissue specimens from NSCLC patients and various clinicopathological characteristics. 
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Discussion
In the present study, we investigated the potential clinical utility of serum miR-499 and found that serum miR-499 could serve as a non-invasive biomarker for the diagnosis and prediction of prognosis and tumor recurrence in NSCLC patients. The miR-499 levels in serum samples from NSCLC patients were significantly lower than those in healthy controls. miR-499 had a significant diagnostic value for NSCLC and yielded AUC of 0.906 with 73.7% sensitivity and 92.7% specificity in discriminating NSCLC from normal controls. In addition, the OR for case subjects with low levels of miR-499 expression associated with NSCLC was 64.1 (95% CI; 20.83-197.49), indicating that miR-499 expression may be exploited as a promising non-invasive biomarker for early detection of NSCLC.
Our study also strongly suggested that serum miR-499 expression may serve as a prognostic biomarker for NSCLC. We found that serum miR-499 levels were significantly lower in patients with stage III or IV NSCLC than those in stage I or II NSCLC. In addition, low serum miR-499 levels (rather than tissue) were associated with shorter OS and may prove to be an independent prognostic biomarker in NSCLC patients. In addition, low serum levels of miR-499 expression indicate a poor DFS in stage I-II NSCLC. The multivariable Cox proportional hazards model showed that low serum miR-499 expression was an independent predictor of tumor recurrence in patients with stage I-II NSCLC.
To the best of our knowledge, this is the first report to demonstrate the potential role of serum miR-499 in the early detection of NSCLC. Although the observation of the prognostic value of miR-499 is similar to a previous report (14) , our results are the first to demonstrate that low serum miR-499 expression is associated with advanced TNM stage and poor DFS.
Several studies (21, 22) have reported that miRNAs are potential diagnostic biomarkers and prognostic factors in lung cancer. In 2004, lung tumor-derived miRNAs were first described in tissue by Takamizawa et al (23) , who reported that reduced let-7 expression was significantly associated with shortened postoperative survival. A study by Yanaihara et al (21) showed that the tissue miRNA expression profile was a diagnostic and prognostic marker of lung cancer. Serum miRNAs are resistant to RNase digestion, suggesting that miRNAs in serum are sufficiently stable to serve as a clinical biomarker (12) . miR-21 was the first serum miRNA biomarker discovered by Lawrie et al (24) , who reported that high serum levels of miR-21 in patients with diffuse large B cell lymphoma were associated with increased relapse-free survival. Chen et al (9) also demonstrated that serum let-7 level was increased in lung cancer patients as compared with healthy controls. In addition, serum miRNAs are prognostic factors for lung cancer. Hu et al (14) found that serum levels of 4 miRNAs (miR-486, miR-30d, miR-1 and miR-499) were significantly associated with OS of NSCLC patients. Boeri et al (25) described plasma miRNA signatures for high risk of lung cancer, diagnosis and prognosis. These findings indicate that circulating miRNAs may be noninvasive diagnostic or prognostic markers for lung cancer.
Previous studies usually focused on the association between miR-499 and the muscle and heart. Wang et al (26) detected the presence of plasma miR-499 in patients with acute myocardial infarction with very low abundance, suggesting it may be a biomarker for early detection of myocardial injury. Donaldson et al (27) found that miR-499 was elevated in the plasma of COPD patients as compared with controls. Recently, Vinci et al (16) found that the expression of miR-499 in NSCLC tissues tended to be lower than controls but the reduction was not statistically significant (P=0.123). However, they found that increased expression of miR-499 was associated high tumor grade. Hu et al (14) showed that low serum levels of miR-499 were significantly associated with short OS. Therefore, the clinical significance of circulating miR-499 levels in NSCLC remains unclear.
The present study demonstrated that the relative expression of serum miR-499 was significantly different between NSCLC patients and normal controls, suggesting that serum miR-499 level may be a useful biomarker for the clinical diagnosis of NSCLC. Screening for lung cancer has long been of interest, with the hope of reducing the number of patients diagnosed with advanced disease. Although screening with low-dose computed tomography (LDCT) has substantially reduced the risk of mortality due to lung cancer, there is a significant chance of a false-positive result (28, 29) . Therefore, serum miR-499 level with high specificity for early detection of NSCLC may be a powerful adjunct to LDCT. Our study showed that preoperative serum miR-499 expression was an independent factor for detecting early tumor recurrence in patients with stage I-II NSCLC. In clinical practice, these patients can significantly benefit from timely clinical intervention, thus improving cancer survival. Our data also support the use of miR-499 as a non-invasive biomarker that can facilitate disease risk assessment, severity and survival time in NSCLC patients. Although our study suggests that miR-499 is a promising screening and assessment tool for NSCLC, there are potential limitations in using miR-499 as a diagnostic, prognostic and recurrence predictive biomarker. Firstly, as no consensus internal controls for circulating miRNA have been established, we used the ideal approach to normalize experimental miRNA data using spiked-in synthetic, non-human mature miRNA from Caenorhabditis elegans. Although cel-miR-39 had given consistent expression across all patients and controls, and the method of quantifying relative expression of serum miRNAs was widely recognized, absolute quantization of serum miR-499 expression may further improve the translation of these data into clinical application. Secondly, although selection criteria for lung cancer screening were uncertain, it is unclear whether high-risk people benefit from serum miRNAs tests. Plasma miRNA tests may be more functional for noninvasive diagnosis of lung cancer in individuals with solitary pulmonary nodules (30, 31) . Thirdly, as serum expression of miR-499 has been described in other diseases including COPD and AMI, it may be difficult to differentiate whether serum miR-499 expression is specifically associated with NSCLC. Finally, it is difficult to ensure that the control subjects are healthy, and our clinical materials are solely from Chinese people. A large sample size including diverse ethnic populations may be helpful to eliminate potential sampling error.
In conclusion, serum miR-499 appears to be a novel diagnostic, prognostic and predictive biomarker in patients with NSCLC. Nevertheless, large prospective studies are required to further evaluate our theory before serum miR-499 can be incorporated into routine clinical practice.
